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SOLDER BALL DELIVERY AND REFLOW 
APPARATUS AND METHOD OF USING THE 

SAME 

BACKGROUND OF THE INVENTION 

This invention generally relates to the placement and 
re?oW of solder balls on substrates used in the electronics 
?eld. More particularly, the present invention relates to an 
improved apparatus and method for the high speed place 
ment and re?oW of solder balls using a high energy laser and 
an inert gas to ensure repeatable, precise placement and 
re?oW at rates exceeding 40 balls per second. 

DESCRIPTION OF THE RELATED ART 

With the increased demand for high speed and miniatur 
iZed electronics, the need to reliably and repeatably produce 
integrated circuit (IC) substrates and substrates used for 
semiconductors has also groWn. Such electronic components 
include plastic ball grid arrays (“PBGA”), chip scale pack 
ages (“CSP”), and direct chip attach (“DCA”) components. 
One important step in the manufacture of such substrates is 
the placement of solder connection points in speci?c loca 
tions on the substrate. 

With the expanding general demand for substrates, there 
has also been a continuing reduction in siZe of electronic 
components and an increase in the number of circuits, and 
therefore electrical connection points required on each sub 
strate. As such, the number of and density of solder con 
nection points on substrates has substantially increased. As 
compared to substrates manufactured several years ago, 
today’s substrates used for IC chips or semiconductors has 
substantially more and higher density solder connection 
points. It is expected that such miniaturiZation of substrates 
and an increase in the required solder connection points Will 
continue into the future. 
As demands of higher speed and more sophisticated 

electronic devices has expanded, the respective demands for 
precise placement and re?oW of solder material onto sub 
strates used in manufacturing the devices has likeWise 
groWn. Attempting to keep pace With these demands, the 
technology of delivery and re?oW of solder material has also 
been developing. 

Representative prior art includes US. Pat. No. 5,467,913 
issued to NamekaWa et al. for a Solder Ball Supply Device. 
The NamekaWa et al. device uses a discharger With a matrix 
of solder ball holding cavities, a head section having a 
number of air suction holes, and a solder ball supply means 
to take out, at one time, a large number of solder balls from 
the holding cavities and to place them, at one time, onto a 
substrate board. While this device may be able to place a 
number of solder connection points onto a substrate at one 
time, the device does not alloW for easy alteration or 
modi?cation of the patterns or matrices of solder connection 
points. 
A different method of placing and bonding solder to a 

bonding surface is shoWn by the apparatus and process 
disclosed in US. Pat. No. 5,653,381 issued to AZdasht for a 
Process And Apparatus For Producing A Bonded Metal 
Coating. The AZdasht device uses speci?c solder material 
that may be transported Within a capillary to a bonding 
surface by a physical stamp guided Within the capillary. The 
physical stamp may also be an energy transfer device used 
to bond the solder material to the surface after it is 
“stamped” into place. While the “one at a time” placement 
and bonding of the solder appears to alloW for easy recon 
?guration of solder connection patterns betWeen substrates, 
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2 
the device and method do not appear to be suitable for the 
high speed bonding required for mass production of sub 
strates. Indeed, the AZdasht US. patent provides that an 
object of the device is for “pilot or same-scale production” 
runs. PCT application WO 97/20654, for a Process And 
Device For Applying A Solder To A Substrate Or Chip 
Without Flux, also having as its inventor Ghassem AZdasht, 
is a German application. The Abstract, in English, describes 
a process and device to clean a region on a substrate and 
remelt solder to the substrate. 

Devices similar to that described in the AZdasht US. 
patent are available from PAC TECH, Packaging Technolo 
gies GmbH. Such “solder ball bumper bondhead” machines 
are limited to ball placement and bonding rates of approxi 
mately 2 balls per second. As noted, With the reduction in the 
siZe of IC chips and semiconductors, and the circuits con 
tained therein, and With the increase in the number of solder 
connections required to be on each substrate, there is a need 
for increased production speeds to place and bond or re?oW 
solder balls to a substrate. 

Accordingly, there remains a need for reliable and repeat 
able high speed delivery and re?oW of solder connection 
points, or solder balls, onto substrates. Such reliability and 
repeatability is necessary for mass production of IC chips 
and semiconductors. Moreover, there is a need for such high 
speed delivery and re?oW of solder balls With the ?exibility 
of easy recon?guration of the solder connection point pat 
terns betWeen different substrates. 

SUMMARY OF THE INVENTION 

In vieW of the shortcomings of the prior art, it is an object 
of the present invention to improve the speed, reliability and 
repeatability of delivering and re?oWing solder material to a 
substrate. It is a further object of the present invention that 
the apparatus and method provide high speed capability of 
delivery and re?oW of solder material necessary for mass 
production of substrates. Yet another object of the present 
invention is to permit easy and ?exible modi?cation of the 
solder material pattern on a substrate through use of a 
computer processor. 

In a preferred embodiment, the present invention is an 
apparatus for delivering and re?oWing solder material onto 
a substrate, comprising a reservoir to hold the solder mate 
rial; a capillary for guiding the solder material to the 
substrate; a feed tube coupled to the reservoir for directing 
the solder material from the reservoir to the capillary; 
indexing means coupled to the feed tube and the capillary to 
individually index the solder material from the feed tube into 
the capillary; deliver means to deliver the solder material 
from the reservoir, through (a) the feed tube, (b) the indexing 
means, (c) the capillary and onto the substrate; and an energy 
source coupled to the capillary to re?oW the solder material 
onto the substrate. In one preferred embodiment, the energy 
source is a laser. 

According to another aspect of the invention, the delivery 
means comprises a pressuriZed ?uid introduced into the 
reservoir to urge the solder material through the feed tube, 
through the indexing means, through the capillary and onto 
the substrate. The pressuriZed ?uid, in preferred embodi 
ments may be an inert gas, such as nitrogen. 

According to still another aspect of the invention, the feed 
tube comprises a ?rst tube and a second tube Within the ?rst 
tube, such that the second tube is substantially centered 
Within the ?rst tube, the second tube being for delivery of the 
solder material from the reservoir and the ?rst tube for 
delivery of the pressuriZed ?uid into the reservoir. 
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According to yet another aspect of the present invention, 
the delivery and re?oW of the solder balls is approximately 
at least 40 balls each second. 

According to another aspect of the present invention, a 
method of delivering and re?oWing solder material onto a 
substrate, the method comprising the steps of: (a) urging 
solder material held in a reservoir through a feed tube by a 
pressuriZed ?uid; (b) individually indexing the solder mate 
rial from the feed tube into a capillary; (c) reacting the 
individual solder material through the capillary to the sub 
strate; and (d) re?oWing the individual solder material to the 
substrate With an energy source. 

These and other aspects of the present invention are set 
forth beloW With reference to the draWings and the detailed 
description of certain preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is best understood from the folloWing 
detailed description When read in connection With the 
accompanying draWing. It is emphasiZed that, according to 
common practice, the various features of the draWing are not 
to scale. On the contrary, the dimensions of the various 
features are arbitrarily expanded or reduced for clarity. 
Included in the draWing are the folloWing Figures: 

FIG. 1 is a schematic vieW of an exemplary embodiment 
of the present solder delivery and re?oW invention; 

FIG. 2 is an illustrated cutaWay side vieW of an exemplary 
embodiment of the present invention; 

FIG. 3 is an illustrated cutaWay side vieW of an exemplary 
embodiment of a reservoir used in the present invention; 

FIG. 4 is a cutaWay interior vieW of an exemplary 
embodiment of a reservoir used in the present invention; and 

FIG. 5 is an illustrated cutaWay side vieW of a second 
exemplary embodiment of the present invention. 

DETAILED DESCRIPTION 

The present invention is an improved apparatus and 
method for delivering and re?oWing solder material onto 
substrates that are used in the manufacture of IC chips, 
semiconductor devices, or other miniaturiZed electronic 
circuits. 

The improvements of the present invention increase the 
speed of delivery and re?oW of the solder onto a substrate in 
a highly reliable and repeatable process. As noted above, 
With the increased number of solder connections required on 
electrical circuit substrates, the repeatable and precise place 
ment of all solder connections is critical to the success of a 
production method and apparatus. For example, if the last 
solder ball on a substrate containing hundreds of connection 
points is misplaced or misformed, the entire substrate may 
be unusable. Accordingly, a high degree of reliability and 
repeatability is required and is achieved With the improve 
ments of the present invention. 

Although the solder material are generally described 
herein as solder balls, it is to be understood that the solder 
material may be in shapes other than spherical. The scope 
and spirit of the present invention is not limited to spherical 
shaped solder material, but is intended to encompass other 
shapes as Well. 

In an exemplary embodiment of the present invention, the 
delivery and re?oW apparatus, as illustrated in FIG. 1, has a 
translatable capillary for guiding solder material onto a 
substrate. The capillary is capable of translating in three 
degrees of freedom, being the x, y and Z directions. For 
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4 
reference, the x and y directions are Within the plane of the 
substrate, While the Z-direction is perpendicular to the plane 
of the substrate. 

Proceeding upstream from the substrate, the solder mate 
rial is individually indexed into the capillary Where the 
solder is guided onto the substrate. The solder material is 
delivered to the indexing component by a feed tube con 
nected to a reservoir. The reservoir maintains a supply of 
solder material to be individually re?oWed to the substrate. 
After the solder material is delivered onto the substrate by 
the positioning of the capillary, an energy source is used to 
re?oW the solder onto the substrate. The capillary is then 
repositioned to the next location over the substrate to deliver 
and re?oW the next solder material. Because high-speed 
delivery, placement and re?oW of the solder balls is an 
objective of the present invention, the speed of moving the 
capillary is an important aspect. As such, the capillary is 
designed to be lightWeight. Moreover, the components of the 
present invention that are translated With the capillary are 
intended to be minimiZed. In that regard, the solder ball 
reservoir is, in a preferred embodiment, separated from the 
capillary and is stationary. 

In further detail, a preferred embodiment of the delivery 
and re?oW apparatus 10 is shoWn in the FIG. 2 cutaWay vieW 
of a capillary 70, laser 80 and ?ber optic 81 located directly 
above and centered over the capillary 70, an indexing slide 
60 coupled to the capillary 70, and a portion of a feed tube 
50 coupled to the indexing slide 60. As illustrated in FIG. 2, 
the capillary 70 is positioned directly above the substrate 30 
and above the position on the substrate 30 Where the solder 
ball 20 is to be re?oWed. In operation, the capillary 70 
guides each individual solder ball 20 to the position on the 
substrate 30 Where the solder ball 20 is desired to be re?oW. 

Each solder ball 20 is indexed to the top of the capillary 
70 by an indexing means 60. In one preferred embodiment, 
as shoWn in FIG. 2, the indexing means may be a slide 
mechanism 60. The slide mechanism 60 individually 
indexes a solder ball 20 from the feed tube 50 to the top of 
the capillary 70 by a notch 61 cut into the slide 60. When the 
indexing slide 60 is translated to the right, as shoWn in FIG. 
2(b), notch 61 is directly beloW the feed tube 50, and one 
solder ball moves into the slide notch 61. When the indexing 
slide 60 is then translated to the left to a position Where the 
slide notch 61 is directly over the top of the capillary 70, as 
shoWn in FIG. 2(b), the solder ball 20 in the slide notch 61 
is released and is guided doWn the capillary 70 onto the 
substrate 30. 

In a preferred embodiment the capillary 70 may be 
approximately ten solder ball diameters in length. While 
capillaries With a length in excess of ten solder ball diam 
eters may be effectively used, if the length of the capillary 
is substantially more than ten solder ball diameters, the time 
for the solder ball 20 to fall or be guided through the 
capillary and to the substrate 30 Will increase. With an 
increase in time for the solder ball to be placed on the 
substrate 30, the ultimate speed of delivery and re?oW of the 
solder could be detrimentally affected. 
As shoWn in the FIG. 2 exemplary embodiment, the 

capillary interior diameter may be approximately the same 
dimension as the diameter of the solder balls being placed 
and re?oWed to the substrate 30. Although for a given siZe 
capillary, smaller diameter solder balls may also be used, 
such solder balls may have a tendency to de?ect and bounce 
off the capillary side Walls and may not be precisely placed 
in the center of the capillary When ?nally set on the substrate 
prior to being re?oWed. 
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The exterior diameter of the capillary at the end in 
proximity to the substrate 30, as shoWn in FIG. 2 and FIG. 
3, may approximately be, in a preferred embodiment, tWo 
solder ball diameters. By making the exterior diameter of the 
capillary narroW, the solder balls may be effectively posi 
tioned in close proximity to each other, or in close proximity 
to other components previously attached to the substrate 30. 
In another exemplary embodiment, Where the capillary end 
is not narroW, the capillary diameter could be the limiting 
dimension determining hoW close adjacent solder balls 
could be placed to each other. Similarly, if a Wide capillary 
end Were used, the Width Would determine hoW close a 
solder connection point could be place to a component 
previously attached to the substrate 30. With space on a 
substrate being a premium, and With the required density of 
solder connection points increasing, the ability to closely 
place solder balls is an important feature of the present 
invention. 
As such, in a preferred embodiment of the present 

invention, to best ensure correct deliver and positioning of 
the solder balls onto the substrate 30, Where different diam 
eter solder balls are used, a different capillary having an 
interior diameter that is similar to the solder balls being 
re?oWed could be used. 

In another preferred embodiment, the solder ball 20 may 
be urged doWn the capillary 70 and held in place on the 
substrate 30 by a pressuriZed ?uid ?oWing coaxially With the 
laser ?ber optic 81 and through the capillary 70. The use of 
pressuriZed ?uid to push the solder material 20 onto the 
substrate 30 tends to reduce the time for the solder ball 20 
to be properly placed on the substrate surface by reducing 
solder ball bounce. The pressure of the ?uid need only be in 
the approximate range of one atmosphere. By using an inert 
gas, such as nitrogen, as the pressuriZed ?uid, the solder 
balls may also be maintained in a nonoxidiZing environment 
While in the capillary 70 and prior to and during re?oW of the 
solder ball 20 to the substrate 30. Because solder material is 
typically an alloy composed of tin and lead, the solder has 
a tendency to quickly oxidiZe in an open air environment. 
Maintaining the solder in a non-oxidiZing environment 
prevents undesired oxidation Which could impede proper 
re?oW of the solder to the substrate 30. 

The delivery of the solder balls from the reservoir 40 
through the feed tube 50 and into the capillary 70 provides 
a multitude of junction points Where the solder balls 20 may 
jam or clog. This is particularly the case at the exit location 
of the reservoir 40 into Which the feed tube 50 is coupled. 
In a preferred embodiment of the present invention, a 
positive pressure ?uid may be introduced into the reservoir 
40 to urge the solder balls into and through the feed tube 50, 
and ?nally into the indexing means 60. 

While direct introduction of a pressuriZed ?uid into the 
reservoir 40 tends to urge the solder balls into the feed tube 
50, it has been found that signi?cant improvement in reduc 
ing solder material jams can be achieved if, as shoWn in FIG. 
3 and FIG. 4, the pressuriZed ?uid is introduced into the 
reservoir 40 coaxial With the feed tube exit location. It is 
believed that the pressuriZed ?uid ?oW into the reservoir 40 
prevents the solder balls from coagulating at the feed tube 
entrance and forms ?uid currents that draW solder balls into 
the feed tube 50 Without jams. One exemplary embodiment 
of this coaxial introduction of a pressuriZed ?uid is by using 
coaxial tubes, as illustrated in FIG. 3, such that the internal 
tube is used to guide and deliver the solder balls to the 
indexing means, While the space formed by the annulus 
betWeen the internal tube and the external tube is used to 
carry the pressuriZed ?uid into the reservoir 40. 
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In addition to preventing jamming of the solder balls in 

the reservoir 40 and through the feed tube 50, as described 
above, in another preferred embodiment, the pressuriZed 
?uid may be an inert gas, such as nitrogen. Through the use 
of an inert gas, the environment that the solder balls are 
exposed to from the reservoir 40 all the Way to the substrate 
30 is nonoxidiZing. As explained above, the solder balls 
have a tendency to quickly oxidiZe in an open air environ 
ment. Indeed, the vibration of the solder balls causing them 
to collide With each other accelerates surface oxidation and 
causes the solder balls to discolor. Such surface oxidation 
may prevent proper re?oW of the solder ball 20 to the 
substrate 30 and could reduce the quality of the ?nal product 
to be used in construction of IC chips and semiconductors. 
As shoWn in FIG. 5, in another preferred embodiment of 

the present inventive apparatus 10, the indexing slide 60 
may be con?gured as a bi-directional slide. In this 
con?guration, tWo feed tubes 50 Would be used to deliver 
solder balls to the capillary 70. The bidirectional slide Would 
have tWo notches 61 cut therein such that, in one 
embodiment, When a ?rst notch is positioned under a ?rst 
feed tube, the second notch is positioned over the top of the 
capillary 70. Similarly, When the slide 60 is then translated 
to the opposite position Where the ?rst notch is positioned 
over the top of the capillary 70, and thereby releases the 
solder ball 20 into the capillary 70, the second notch is 
positioned under the second feed tube to accept another 
solder ball 20. Through the use of a bi-directional slide, the 
delivery and re?oW rate of the present invention could be 
substantially increased. Moreover, in another preferred 
embodiment, the use of a pressuriZed ?uid ?oWing coaxially 
With the laser ?ber optic 81 and through the capillary 70 as 
described above, Would assist in reducing the time to deliv 
ery the indexed solder balls through the capillary 70. This 
ultimately translates into increased speed of delivery and 
re?oW of the solder material. 
As described above, in a preferred embodiment, the 

capillary 70 may be approximately ten solder ball diameters 
in length and may have an interior diameter of approxi 
mately the same diameter of the solder balls being placed 
and re?oWed to the substrate 30. In a further preferred 
embodiment, the capillary 70 may be constructed of a 
carbide material. As manufactured of such material, the 
capillary interior may be used to direct the laser energy to the 
solder material positioned on the substrate 30. In such an 
embodiment, the capillary 70 may be manufactured from a 
polished tungsten, carbide material to improve re?ection of 
the laser 80. The re?ection of the laser energy assists in 
focussing the energy upon the solder material positioned on 
the substrate 30 to ensure proper re?oW. 

In a further preferred embodiment, a computer or data 
processor (not shoWn) may be coupled to the delivery and 
re?oW system 10 to automatically control the capillary 70 
positioning. Speci?cally, the computer Would control the 
x-y-Z location of the capillary 70 for each of the solder 
connection points desired to the positioned on the substrate 
30. Through the use of such a programmable computer, the 
pattern of solder ball placement can be easily revised, 
recon?gured or updated. 
The method of operating a high-speed solder ball delivery 

and re?oW system Would, in an exemplary embodiment, 
include the steps as disclosed herein. That is, through the 
introduction of a pressuriZed ?uid into a reservoir holding 
solder material, the solder is urged through a feed tube 
toWards a capillary. The second step is to individually index 
the solder material delivered through the feed tube into a 
capillary. A third step, also using a pressuriZed ?uid, is to 
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direct the individual solder material indexed to the capillary, 
through the capillary and onto the substrate surface. Finally, 
the solder material is re?oWed to the substrate by an energy 
source. As disclosed above for the exemplary embodiments 
of the apparatus, the energy source may be a laser. After the 
delivery and re?oW of a solder ball to the substrate, the 
capillary may be repositioned over the substrate to a neW 
location to delivery and re?oW another solder ball. The x-y 
position control of the capillary may be accomplished by 
reading successive data locations from a computer memory. 

Although the invention has been described With reference 
to exemplary embodiments, it is not limited thereto. It is 
intended to be and understood that the folloWing appended 
claims should be construed to include other variants and 
embodiments of the invention Which may be made by those 
skilled in the art as being Within the true spirit and scope of 
the present invention. 
What is claimed is: 
1. An apparatus for delivering and re?oWing solder mate 

rial onto a substrate, comprising: 
a reservoir to hold the solder material; 
a capillary for guiding the solder material to the substrate; 
a feed tube coupled to the reservoir for directing the solder 

material from the reservoir to the capillary; 
indexing means coupled to the feed tube and the capillary 

to individually index the solder material from the feed 
tube into the capillary; 

deliver means to deliver the solder material from the 
reservoir, through (a) the feed tube, (b) the indexing 
means, (c) the capillary and onto the substrate; and 

an energy source coupled to the capillary to re?oW the 
solder material onto the substrate, 

Wherein the delivery means comprises: 
a pressuriZed ?uid introduced into the reservoir to urge 

the solder material through the feed tube, through the 
indexing means, through the capillary and onto the 
substrate. 

2. The apparatus according to claim 1, Wherein the energy 
source is a laser. 

3. The apparatus according to claim 1, Wherein the 
pressuriZed ?uid is an inert gas to maintain the solder 
material in a nonoxidiZing environment from the reservoir to 
the substrate. 

4. The apparatus according to claim 3, Wherein the inert 
gas is nitrogen. 

5. The apparatus according to claim 1, Wherein the 
pressuriZed ?uid is introduced into the reservoir coaxial With 
the feed tube. 

6. The apparatus according to claim 1, Wherein the feed 
tube comprises a ?rst tube and a second tube Within the ?rst 
tube, such that the second tube is substantially centered 
Within the ?rst tube, the second tube being for delivery of the 
solder material from the reservoir and the ?rst tube for 
delivery of the pressuriZed ?uid into the reservoir. 

7. The apparatus according to claim 1, Wherein the solder 
material is substantially shaped as balls. 

8. The apparatus according to claim 7, Wherein the 
delivery and re?oWing of the solder balls is approximately 
at least 40 balls each second. 

9. The apparatus according to claim 1, further comprising: 
a plurality of feed tubes to direct the solder material from 

the reservoir; and 
means to index the solder material sequentially from the 

plurality of feed tubes into the capillary. 
10. The apparatus according to claim 1, Wherein the 

energy source is directed to the solder and substrate through 
the capillary. 
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11. The apparatus according to claim 1, Wherein the 

capillary has an end proximate to the substrate, said end 
having an exterior diameter approximately in the range of 
tWo solder material diameters or less. 

12. The apparatus according to claim 1, further compris 
ing means to reposition the capillary to a neW location on the 
substrate to deliver and re?oW the solder material. 

13. The apparatus according to claim 12, Wherein the 
reservoir is separated from the capillary and stationary. 

14. An apparatus for delivering and re?oWing solder 
material onto a substrate, comprising: 

a reservoir to hold the solder material; 

a capillary for guiding the solder material to the substrate; 
a feed tube coupled to the reservoir for directing the solder 

material from the reservoir to the capillary; 
indexing means coupled to the feed tube and the capillary 

to individually index the solder material from the feed 
tube into the capillary; 

deliver means to deliver the solder material from the 
reservoir, through (a) the feed tube, (b) the indexing 
means, (c) the capillary and onto the substrate; and 

an energy source coupled to the capillary to re?oW the 
solder material onto the substrate, 

Wherein the energy source uses the capillary to focus the 
re?oWing energy onto the solder. 

15. An apparatus for delivering and re?oWing solder 
material onto a substrate, comprising: 

a reservoir to hold the solder material; 

a capillary for guiding the solder material to the substrate; 
a feed tube coupled to the reservoir for directing the solder 

material from the reservoir to the capillary; 
indexing means coupled to the feed tube and the capillary 

to individually index the solder material from the feed 
tube into the capillary; 

deliver means to deliver the solder material from the 
reservoir, through (a) the feed tube, (b) the indexing 
means, (c) the capillary and onto the substrate; and 

an energy source coupled to the capillary to re?oW the 
solder material onto the substrate, 

Wherein the capillary is made of an alumina or polished 
tungsten carbide material. 

16. A solder delivery and re?oW apparatus for delivering 
and re?oWing solder balls onto a substrate, comprising: 

a reservoir containing the solder balls; 
a repositionable, lightWeight capillary for directing indi 

vidual solder balls onto the substrate; 
a feed tube for guiding the solder balls from the reservoir 

to the capillary; 
indexing means to individually move solder balls from the 

feed tube to the capillary; 
delivery means to deliver the solder balls through the feed 

tube, through the indexing means, through the capillary 
and onto the substrate; 

an energy source to re?oW the solder balls onto the 

substrate; and 
repositioning means to reposition the capillary to a neW 

location on the substrate to deliver and re?oW another 
solder ball, 

Wherein the delivery means is a pressuriZed ?uid intro 
duced into the reservoir to urge the solder material 
through (a) the feed tube, (b) the indexing means, (c) 
the capillary, and to the substrate. 

17. The apparatus according to claim 16, Wherein the 
indexing means is a translating slide mechanism. 



US 6,227,437 B1 

18. The apparatus according to claim 16, wherein the 
reservoir is stationary. 

19. A method of delivering and re?oWing solder rnaterial 
onto a substrate, the method comprising the steps of: 

(a) urging solder rnaterial held in a reservoir through a 
feed tube by a pressuriZed ?uid; 

(b) individually indexing the solder material from the feed 
tube into a capillary under pressure from the pressur 
iZed ?uid; 

(c) directing the individual solder material through the 
capillary to the substrate under pressure from the 
pressuriZed ?uid; and 

(d) re?oWing the individual solder material to the sub 
strate With an energy source. 

20. A method of delivering and re?oWing solder rnaterial 
onto a substrate, the method comprising the steps of: 

(a) urging solder rnaterial held in a reservoir through a 
feed tube by a pressuriZed ?uid; 

(b) individually indexing the solder material from the feed 
tube into a capillary; 

(c) directing the individual solder material through the 
capillary to the substrate; 

(d) re?oWing the individual solder material to the sub 
strate With an energy source; and 

(e) repositioning the capillary to a neW location on the 
substrate to deliver and re?oW another individual solder 
material. 

21. A method of delivering and re?oWing solder rnaterial 
onto a substrate, the method comprising the steps of: 

(a) urging solder rnaterial held in a reservoir through a 
feed tube by a pressurized ?uid; 
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(b) individually indexing the solder material from the feed 

tube into a capillary; 
(c) directing the individual solder material through the 

capillary to the substrate; and 
(d) re?oWing the individual solder material to the sub 

strate With an energy source, 

Wherein the energy source is a laser directed to the 
individual solder material through the capillary. 

22. An apparatus for delivering and re?oWing solder 
rnaterial onto a substrate, comprising: 

a stationary reservoir to hold the solder material; 
a translatable capillary for guiding the solder material to 

the substrate; 
a feed tube coupled to the reservoir for directing the solder 

material from the reservoir to the capillary; 
indexing means coupled betWeen the feed tube and the 

capillary to individually index the solder material from 
the feed tube into the capillary; 

deliver means to deliver the solder material from the 
reservoir, through (a) the feed tube, (b) the indexing 
rneans, (c) the capillary and onto the substrate, a 
pressuriZed ?uid introduced into the reservoir to urge 
the solder material through the feed tube, through the 
indexing means, through the capillary and onto the 
substrate; and 

an energy source coupled to the capillary to re?oW the 
solder rnaterial onto the substrate. 

23. The apparatus according to claim 22, Wherein the 
indexing rneans provides the solder material to a top of the 
capillary. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,227,437 B1 Page 1 0f 1 
DATED : May 8, 2001 
INVENTOR(S) : Eli Razon et at. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Title page, 
Item [73], Assignee, should read -- Kulicke & Soffa Investments, Inc. 

Signed and Sealed this 

Seventeenth Day of December, 2002 

JAMES E. ROGAN 
Director ofthe United States Patent and Trademark O?‘ice 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,227,437 B1 Page 1 0f 1 
DATED : May 8, 2001 
INVENTOR(S) : Eli Razon et at. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Title page, 
Item [73], Assignee, should read -- Kulicke & Soffa Investments, Inc. - 

Signed and Sealed this 

Thirty-first Day of December, 2002 

JAMES E. ROGAN 
Director ofthe United States Patent and Trademark O?‘ice 


